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Superior mechanical properties and reduced weight of fiber reinforced polymer 
matrix composite laminates (e.g., made of graphite epoxy) are leading to their increased 
use in aeronautic and aerospace structures. These materials are found more and more in 
load bearing components, which in turn, requires their integrity to be fully evaluated by 
nondestructive inspection. This applies to newly manufactured parts which can be 
flawed following improper manufacturing procedures and to parts which have been in 
service on an aircraft as well, since additional flaws could have occurred and old existing 
flaws could have grown and become more severe. Flaws which are found in these 
materials include porosity and foreign inclusions, which are produced during 
manufacturing and delaminations between plies, which can be produced at manufacturing 
or can be caused by the impact of foreign objects on the structure. Ultrasonics has been 
recognized to be a superior technique for detecting delaminations and can be used to 
detect foreign inclusions and assess porosity, as well [1,2]. The ultrasonic waves are 
usually generated and detected by piezoelectric transducers and coupled to the inspected 
part by direct contact or water. Although operation in transmission is widely used and 
easily implemented for curved parts, the pulse-echo mode is preferred since it requires 
only single side access and provides flaw depth information. In this case, the transducer 
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should be properly aligned with respect to the surface of the inspected part (within a few 
degrees), since it is a phase sensitive device emitting and receiving over its whole 
surface. This makes very difficult the inspection of parts with complex contours, which 
are found currently in many structures and are of increasing use in response to advanced 
design requirements. 
As stressed in another paper in these proceedings [3], this difficulty is eliminated 
by laser-ultrasonics [4,5], a technique that uses a laser for the generation of ultrasound at 
the surface of the inspected part and another laser coupled to an optical interferometer for 
its detection from the same surface. Since it is possible to generate and detect 
independently of surface orientation, the technique readily enables the inspection of parts 
with a very complex contour. Background information on laser-ultrasonics and 
particularly on the application to the inspection of polymer matrix composite materials 
can be found in reference 3. We note also that the technique minimizes the use of 
mechanically moving parts (the only mechanical part is the optical scanner) and has, as a 
consequence, the potential to allow very rapid inspection of large parts with moderate 
contour at a speed exceeding conventional ultrasonic systems. 
In this paper, following a description of our system for composite materials 
inspection, we present several experimental results on the inspection of graphite-epoxy 
laminates by laser-ultrasonics, in addition to the ones presented elsewhere in these 
proceedings [3,6]. First, we present data obtained on a calibration graphite-epoxy plate, 
followed by results obtained on a graphite epoxy panel at various orientations. We then 
compare conventional ultrasonic inspection and laser ultrasonic inspection for an 
impacted sample of graphite-epoxy composite. Finally, the results of the inspection of a 
contoured specimen by laser ultrasonics are presented. 
DESCRIPTION OF THE SYSTEM DEVELOPED FOR COMPOSITE MATERIAL 
INSPECTION 
The laser-ultrasonic system, which has evolved since this application was initially 
reported [7], is made of two units, a detection unit and a generation unit, linked by 
optical fibers and is sketched in Fig. 1. The generation unit comprises a TEA C02 laser 
for ultrasound generation, optics for coupling colinearly the generation and detection 
laser beams and large size optics (- 15 cm -6" in diameter) for collecting the scattered 
light from the surface of the inspected part. In addition, a two-axis mirror scanner, the 
same size as the collection optics, is used for scanning across the part. The generation 
spot is about 5 mm (-0.2"). As mentioned elsewhere in these proceedings [3], light 
from the C02 laser penetrates below the surface of the material, which has the 
consequence to produce a constrained ultrasonic source and to produce essentially the 
emission of a longitudinal wave normal to the surface. 
The generation unit is linked by optical fibers to the detection unit comprising the 
detection laser and the confocal Fabry-Perot. One fiber is used to transmit light from the 
detection laser, while the other one is used to bring scattered light to the interferometer. 
Both fibers are approximately 15 meters long (- 45') and shielded. The detection laser is 
based on Nd-Y AG technology, provides long pulses (- 50 J.lS long) at the repetition rate 
of 50 Hz, is highly stable in frequency and has high peak power (- 1.5 KW). The 
confocal Fabry-Perot is one meter long and has an optical bandwidth of - 8 MHz. A PC 
computer controls the optical scanner and houses a sampling card for digital acquisition 
of the A-scans. Specially developed imaging software [8] is then used to display C-scans 
and B-scans. This software allows the operator to choose gate positions, threshold levels 
and color or gray scales necessary to plot the scans. This software also allows many 
signal processing operations to be performed on the A-scans before using them for C and 
B scan plotting. 
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Figure 1 . Schematic of the system developed for composite materials inspection 
RESULTS OBTAINED ON A CALIBRATION SPECIMEN 
The calibration specimen, which was scanned by laser ultrasonics, is shown in 
Fig. 2. It is made from a half-inch thick graphite epoxy plate of size 100 x 190 mm (- 4 
x 7.5 "), in which several flat bottom holes of diameter 'l'2 " (-12.7 mm) and 3/4" (-19 
mm) have been machined out at various depths. The specimen is painted light blue/gray 
using the same paint as the one used on the CF-18 fighter jets of the Canadian Air Force. 
A typical A-scan is shown in Fig. 3. The amplitude C-scan obtained by laser ultrasonic 
scanning is shown in Fig. 4 and reveals all the holes and their circular shapes. This scan 
is obtained by plotting the maximum amplitude within the chosen gate using the gray 
scale indicated by the bar below the scan. We note that the center line of holes appears in 
a sequence of increasing darkness from left to right, in agreement to their sequence of 
depths. We note also that for the hole bottoms closer to the surface, the depths do not 
appear as clearly. In this case the gate captures the multiple echoes, which have 
additional attenuation caused by the paint and the roughness of the bottom . 
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Figure 2. View of the calibration specimen. The numbers indicate the depths of 
the flat bottom holes in inches (25.4 mm). 
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Figure 3. Typical laser ultrasonic A-scan. The first pulse is caused by the initial surface 
elevation and is followed by the train of echoes reflected by the front and back surfaces. 
The part of the signal ahead of the surface pulse is essentially parasitic and of no 
consequence. 
Figure 4. Amplitude C-scan of the calibration specimen (size 100 x 190 mm). The 
number of scan points is 100 x 100. The gray scale bar below the scan goes from left to 
right with increasing amplitude. 
INSPECTION OF A GRAPHITE EPOXY PANEL AT VARIOUS ORIENTATIONS 
This section illustrates the capability of laser-ultrasonics to inspect samples 
independently of their orientation. The panel used is made of quasi-isotropic graphite 
epoxy and has bare surfaces. It is 7-p1y thick (- 3 mm - 1/8") and of size 120 x 180 
mm (4.75 x 7"). Teflon artificial flaws have been inserted between the plies at 6 
different depths and have sizes of about 10 mm (-0.4"), 5 mm (-0.2") and 2.5 mm 
(-0.1 "). Fig. 5a-f shows the results of the laser ultrasonic inspection at two different 
orientations, ftrst when the surface of the specimen is approximately perpendicular to 
the laser beams and then when it is tilted by about 45° with respect to them. Note that a 
change of 45° occurs when scanning through a 90° comer. The C-scans (amplitude and 
time-of-flight) and the B-scans (cut through the center row of defects) show that no 
infonnation is lost when going from near nonnal incidence to 45° incidence. 
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a: time-of flight C-scan at - 0° b: time-of flight C-scan at - 45° 
c: amplitude C-scan at - 0° d: amplitude C-scan at - 45° 
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Figure 5 a-f. Laser ultrasonic scans of a bare graphite epoxy panel (size 120 x 180 mm) 
at - 0° and - 45°. The number of scan points is 100 x 100. The B-scans are cut through 
the middle row of defects. 
COMPARISON BETWEEN A LASER ULTRASONIC SCAN AND A 
CONVENTIONAL ULTRASONIC SCAN 
In this section we compare the performance of laser-ultrasonics and conventional 
ultrasonics. The specimen used is a graphite epoxy plate of size 156 mm x 171 mm (- 6" 
X 6.75") and 6 mm (-0.25") thick. It is painted dark blue using the same paint as the one 
used on the CF-18 fighter jets of the Canadian Air Force. It has been impacted at 5 
locations and two impacts have produced delaminations. Conventional ultrasonic and 
laser ultrasonic results are plotted in Fig. 6 a-b, using the same imaging software. As can 
be seen, in Fig. 6 a-b, laser-ultrasonics provides the same information as conventional 
ultrasonics. The two delaminated areas, one severe and one light, are clearly identified in 
the C-scans, near the upper right and lower left comers respectively. The differences 
noted in the B-scans through the severe delamination can be explained by the difference 
of sizes between the transducer and the laser spots and the difference of bandwidth. 
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Figure 6 a-b. Amplitude C-scans (above) and B-scans (below) of an impacted graphite 
epoxy plate obtained by conventional ultrasonics and laser-ultrasonics. The B-scans are 
cut through the severe impact at the upper right corner as indicted by the dash line. The 
lighter spots seen in the C-scans along the upper and lower edges are caused by 
identification stickers on the back surface. 
INSPECTION OF A CONTOURED SPECIMEN 
A comer shaped specimen made of a graphite epoxy laminate and inspected by laser-
ultrasonics is sketched in figure 7. It has a bare surface and several artificial flaws have 
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Figure 7 . Schematic of the corner part with the approximate size and locations of 
the implanted flaws. The thickness of this part is - 2.7 mm (- 0.1 "). 
been implanted at various depths in the flat sides and in the comer region, as indicated in 
Fig. 7. Fig. 8 a-b shows the result of laser ultrasonic inspection of the whole comer part 
from the side indicated in Fig. 7. Fig. 8a shows the time-of-flight C-scan and a B-scan 
cut through one side flat surface. Fig. 8b shows the amplitude C-scan and the B-scan cut 
through the comer. In this B-scan, one flaw is not observed because it is not aligned with 
the two others. This B-scan shows also a significant thickness variation along the comer. 
Figure 8 a. Time-of-flight C-scan (above) and B-scan (below) of the comer 
part shown in Fig. 7. The B-scan is cut though one flat side, as indicated by 
the arrow on the left side of the C-scan. The gray scale bar in the C-scan goes 
from - 3.5 mm at left to - 0.6 mm at right. 
Figure 8 b. Amplitude C-scan (above) and B-scan (below) of the comer part 
shown in Fig. 7. The B-scan is cut though the comer region, as indicated by 
the arrow on the left side of the C-scan. 
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CONCLUSIONS 
We have described a pulse-echo laser ultrasonic system that allows us to 
effectively inspect graphite epoxy laminates. Suitable choice of the generation laser, 
adequate power of the detection laser and size of the collection optics provides sufficient 
sensitivity to inspect bare or painted graphite epoxy panels at inclinations of 45° and 
even higher in some cases. The laser ultrasonic technique provides the same information 
as conventional ultrasonics in the case of flat panels, as shown by the example we have 
presented. In the case of contoured parts, which cannot be easily inspected by 
conventional pulse-echo ultrasonics, and especially for parts with acute discontinuities, 
laser-ultrasonics provides a unique inspection capability. With on-going advances in 
optical and laser technology, the technique has also the potential to provide very fast 
inspection of large parts, outpacing any conventional system. Laser-ultrasonics appears 
suitable not only for testing parts on the production floor, but also for the in-service 
inspection of aeronautic and aerospace structures. 
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